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Description 

nELD OF THE iNVENTION 

This invention relates to an improved gas phase fluidlzed bed polyolefin polymerization process. More particularly, 
the present invention is directed to the use of one or more sound waves to improve polyolefin polymerization in a gas 
phase fluidized bed reactor system. 

BACKGROUND OF THE iNVENTiON 

The introduction of high activity Ziegler-Natta catalyst systems has led to the development of new polymerization 
processes based on gas phase reactors as disclosed in U.S. Patent No. 4,482,687, issued November 1 3, 1 984. These 
processes offer many advantages over bulk monomer slurry processes or solvent processes. They are more econom- 
ical and inherently safer in that they eliminate the need to handle and recover large quantities of solvent while advan- 
tageously providing low pressure process operation. 

The versatility of the gas phase fluid bed reactor has contributed to its rapid acceptance. Alpha-olefin polymers 
produced in this type of reactor cover a wide range of density, molecular weight distribution and melt indexes. In fact 
new and better products have been synthesized using single- and multiple-, or staged-, gas phase reactor systems 
because of the flexibility and adaptability of the gas phase reactor to a large spectrum of operating conditions. 

Conventional gas phase fluidlzed bed reactors used in polymerizing alpha-olefins have a cylindrical shaped fluid- 
ized bed portion and an enlarged, tape red-con leal entrainment disengaging section, sometimes referred to as the 
expanded section or transition section. The enlarged entrainment disengaging section is employed to minimize the 
quantity of fine powder, or fines, carried out of the reactor. Fines can adversely affect properties of the polymer product. 
Also, fines can be transported from the reactor into the recycle system by the fluidizing gas. Additionally, during po- 
lymerization a phenomenon known as sheeting can occur. Sheeting is the adherence of fused catalyst and resin par- 
ticles to the walls of a reactor, particularly in the expanded section of the reactor. When the sheets become heavy, they 
can fall off the walls and plug the product discharge system or clog the distributor plate. These sheets can also contribute 
toproduct quality problems by increasing the gel level in end-use products such as plastic containers and films. Sheeting 
and fines accumulations are collectively referred to as solid particle build-up. 

Conventionally, to prevent sheeting from affecting these and other parts of the reactor system, as well as the final 
polymer product, the reactors are shutdown periodically and the walls are cleaned. When a reactor is down for cleaning, 
it is typically hydro-blasted using water under high pressure to remove sheets and fines build-up. Since water is a 
poison, as well as air, the reactor must be purged to remove these poisons and the reactor must be dried. This process 
is both time consuming and costly. As a result, significant savings can be obtained with the prevention of a single 
shutdown. 

It is also conventional practice to maintain the level of the fluidized bed a few feet below the neck of the expanded 
section to avoid the accumulation of fines in the expanded section of the reactor. Thus, the volume of the fluidized bed, 
and therefore the amount of polymer in the reactor is fixed. If one were able to lower the fluidized bed level and maintain 
a high production rate, the residence time of the polymer would be greatly reduced and the flexibility of the reaction 
system should be enhanced. 

In addition, during the operation of the gas phase fluidized bed polymerization reactor system, there are times 
when it would be desirable to adjust the powder inventory and/or solids residence time. Catalyst productivity and po- 
lymerization rate are affected by the residence time of the solids such as resin and catalyst in the reactor. Control of 
catalyst productivity and polymerization rate by adjusting residence time would be a desirable method for controlling 
reactors that are operated in sequence (i.e., staged reactors) to produce products such as bimodal polymers or copol- 
ymers. In these types of polymerization processes, control of the proportion of polymer made in each reactor plays a 
role in determining the properties of the final product and its property consistency 

For product grade transitions, it typically requires about one to three bed turnovers. By altering the fluidized bed 
volume and therefore the resin particle residence time, the time to achieve the number of turnovers could be lessened. 
Accordingly, the amount of off-grade polymer product generated during reactor start-up and during grade changes 
could be reduced. 

Accordingly there is a need to improve reactor operation and to improve product quality by reducing sheeting and 
the accumulation of fines in the expanded section of a reactor as well as in other areas of the reactor system. 

SUiVIMARY OF THE INVENTiON 

Accordingly, the present invention provides an improved method for polymerizing one or more polyolefins in the 
presence of a transition metal catalyst in at least one gas phase fluidized bed reactor system, the improvement com- 
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prising generating at least one low frequency, high pressure sound wave inside the reactor systenn, which wave has 
sufficient frequency and pressure to prevent or remove solid particle build-up on interior surfaces of the reactor system. 

DETAILED DESCRIPTION OF THE INVENTtON 

5 

Polymers 

Polymers whose gas phase fluidization polymerization process can be benefited by the present invention include 
polyolefins or alpha olefins such as, for example, linear homopolymers of ethylene, linear copolymers of a major mole 
10 percent of ethylene or propylene as the main monomers, and a minor mole percent (up to 30 mole percent) of one or 
more C3 to Cg alpha olefins, and so-called 'sticky polymers', as well as polyvinyl chlorides and elastomers such as 

polybutadiene. 

Preferably, the C3 to Cg alpha olefins should not contain any branching on any of their carbon atoms which is closer 
than the fourth carbon atom. The preferred C3 to Cs alpha olefins are propylene, butene-1, pentene-1, hexene-1, 

IS 4-methylpentene-1 , heptene-1 and octene-1 . This description is not intended to exclude the use of this invention with 
alpha olefin homopolymer and copolymer resins in which ethylene Is not a monomer. Examples of sticky polymers 
whose polymerization process can be benefited by the present invention include ethylene/propylene rubbers and eth- 
ylene/propylene/diene termonomer rubbers, polybutadiene rubbers, high ethylene content propylene/ethylene block 
copolymers, poly(l-butene) (when produced under certain reaction conditions), very low density (low modulus) poly- 

20 ethylenes, i.e., ethylene butene rubbers or hexene containing terpolymers, ethylene/propylene/ethylidene-norbornene 
and ethylene/propylene hexadiene terpolymers of low density. 

Polymerization Process 

2S In general, the polymerization process Is conducted by contacting a stream of one or more alpha olefins in a 

fluidized bed reactor and substantially in the absence of catalyst poisons such as moisture, oxygen, carbon monoxide, 
carbon dioxide and acetylene, with a catalytically effective amount of catalyst at a temperature and a pressure sufficient 
to initiate the polymerization reaction. These polymerization processes are described, for example, in U.S. Patent Nos. 
4,482,687; 4,668,790; 4,994,534; 5,162,463; 5,137.994; 5,187.246; and 5,194,526. It is extremely critical that the poi- 

30 sons be essentially eliminated since only minor amounts (i.e.,< 2ppm of carbon monoxide in the recycle gas) have 
been found to dramatically, adversely affect the polymerization. Typically, the polymerization process is conducted at 
a pressure ranging from 69 to 6900 kPa (10 psi to 1000 psi), preferably 1400 to 4100 kPa (200 to 600 psi) and a 
temperature ranging from lO'^C to ISO^C, preferably 40°C to IIS'^C. During the polymerization process the superficial 
gas velocity ranges from 0.3 to 0.9 m/s (1 to 3 feet/second), and preferably is 0.37 to 0.73 m/s (1 .2 to 2.4 feet/second). 

35 The gas phase fluidized bed reactors employed in the polymerization process of the present invention are not 

critical. A single reactor can be used or multiple reactors (two or more in series or staged) can be utilized. Another type 
of gas phase reactor which can be used is one or more well stirred or mechanically fluidized tank reactors. 

Any catalyst typically employed in gas phase fluidized bed polymerization processes can be employed in the 
improved polymerization process of the present invention. Such catalysts generally are transition metal catalysts. Such 

40 transition metal catalysts can be selected from the group consisting of titanium, vanadium, chromium, cobalt, nickel, 
zirconium and mixtures thereof. Cocatalysts and catalyst promoters can also be employed along with such catalysts. 
Typical cocatalysts and catalyst promoters are well known and disclosed, for example, in U.S. Patent Nos. 4,405,495; 
4,508,842; and 5,187,246. 

Additionally, the polymerization process of the present Invention can include other additives such as fluidization 
4S aids, electrostatic eliminating additives, and inert particles. Inert particles can include, for example, carbon black, silica, 
clay, and talc. 

Sound Waves 

so Sound waves employed in the present invention are of a frequency and pressure sufficient to dislodge sheeting 

(or sheets), fines, or other particles from the inside surfaces of the reactor system. The sound waves can be in the 
infrasonic sound region (i.e., low frequency, non-audible waves and referred to herein as infrasonic waves) and in the 
sonic sound wave range (i.e., audible waves and referred to herein as sonic waves). Infrasonic waves and sonic waves 
can be employed alone or in combination. Most preferably infrasonic waves are employed in the present invention. 
55 Preferably the infrasonic waves have a frequency ranging from 5 to 30 Hertz (Hz), more preferably 10 to 30 Hz, most 
preferably 1 4 to 20 Hz; and they have a pressure level of 90 to 200 decibels (dB), most preferably 1 00 to 1 60 dB. Sonic 
waves in the audible range preferably have a frequency ranging from 30 to 1000 Hz, most preferably 200 to 400 Hz; 
and they have a pressure level of 90 to 200 dB, preferably 120 to 160 dB. 
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In a preferred embodiment one or more sound waves are directed tangentially or perpendicular to the interior 
surface or surfaces of the reactor system on which build-up is to be prevented or removed. By tangentially is meant 
that the sound waves are directed substantially parallel to the contours of the interior surfaces on which build-up occurs. 
By perpendicular is meant that the sound waves are directed substantially perpendicular to the Interior surfaces on 
s which build-up may occur Most preferably the sound waves are directed tangentially to the interior surface to be 
cleaned. The sound waves can be activated continually or intermittently Preferably the sound waves are activated 
intermittently. Sound waves employed in the present invention have an activation time ranging from 5 seconds to 
continually, preferably from 10 seconds to 30 seconds. The cycle time of the sound waves can range from 1 minute to 
continually, and preferably Is 5 minutes to 1 hour. Activation time is the period of time that a device is producing sound 

10 waves. Cycle time is the time inten/al between activations of a device. 

Such sound waves employed in the present invention can be produced by one or more sound producing devices. 
Preferably 1 to 10 such sound producing devices are placed throughout the reactor system. And, of these, preferably 
1 to 4 devices are placed inside the reactor itself. Sound wave producing devices can be installed in any part of the 
reaction system such as for example in a heat exchanger, recycle line, below a distributor plate, a straight sectbn of 

IS a reactor, an expanded section of a reactor, and preferably in a transition section of a reactor just above a straight 
section. Additionally such sound wave producing devices can be Installed in downstream processing areas such as 
near or in a purge bin, transfer lines, bag house, and storage bins. 

In the present invention one or more sound wave producing devices capable of withstanding the polymerization 
temperatures and pressures are employed to resonate particle deposits and cause them to dislodge from interior 

20 surfaces. Accordingly, particle build-up is affected by the production of one or more low frequency, high pressure sound 
waves. The sound waves create transitional components of hydrodynamic shear flow which aid in removing particles 
from the surfaces of the reactor system. The sound energy generated by the device also breaks particle-to-particle 
bonds and those between a particle and the interior surface of the reactor or of the reactor system. In turn the particles 
fall by gravity or are removed by a gas stream. 

25 Sound wave producing devices are commercially available as INSONEX® and SONOFORCE® horns from Koc- 

kum-Sonics (Sweden) described in EPO 189 386 A3 and as Sound-Off® (Model 360) Fluidizer from Drayton Corp. 
(Jacksonville, AL). The INSONEX® an infrasound producing device (i.e., low frequency (15.0-19.9 Hz), high energy 
{130dB}) driven by compressed air or other compressed gases. The infrasound energy of this device is generated 
through a long resonance tube by passing a given amount of gas through it. A central control sends a pulse signal to 

30 two 24 volt DC solenoid valves which control the valves. The pulsing of the valves regulates the pulse of the gas through 
the tube and thus determines the frequency. The gas pressure requirement and consumption are application depend- 
ent. For example, for a reactor system operating at 2070 kPa gauge (300 psig) pressure and lOO^C, the consumption 
of motive gas for the device would be 3600 kg/h (8000 ib/hr) at 700 kPa gauge (100 psig) pressure drop across the 
unit. Sound-Off® is an audible sound wave producing device (i.e., low frequency {100-400 Hz), high energy {145 dB}) 

55 which operates by means of a vibrating titanium or stainless steel diaphragm driven by compressed air or other gases. 
These devices are constructed of cast stainless steel or iron and have only one moving part, the metal diaphragm. 
The devices can be either mounted to a standard nozzle or to a tangentially directed nozzle. 

In the present invention the use of sound waves improves a gas phase fluidized bed polymerization process by 
allowing the reactor to be operated for longer periods of time before shutdown for cleaning and permits a reduction in 

40 the amount of off-grade polymer. The use of sound waves to minimize fines accumulation allows for adjustment in the 
level of the fluidized bed, and, therefore, the amount of polymer in the reactor Thin provides a way to control polymer 
residence time and catalyst productivity with less risk of sheeting in the reactor system. With the use of sound waves 
the amount of a fluidization aid employed in a polymerization process can be decreased or eliminated. When sound 
waves are employed, bridging, a welt known phenomenon of particle solid build-up in a bridge-like pattern in purge 

^ bins, can be eliminated. 

The following examples further illustrate the present invention. 

EXAMPLES 

so At atmospheric conditions, a cold model system comprising a fluidized bed made of Plexiglas® ({0.9 m (3 feet) 

diameter), a compressor which circulated air as the fluidizing medium, and a recycle pipe was used to visually determine 
the effectiveness of using infrasonic and sonic sound waves to remove particles from the fluidized bed system. The 
fluidizing bed containing polyethylene resin was held at a given superficial gas velocity for a given period of time, 
typically 6 to 10 minutes, which resulted in a build-up of resin particles in the expanded section of the reactor portion 

55 of the cold model. Air was used to fluidize resin particles to a height of about 1 .2 m (4 feet) and superficial gas velocity 
was regulated manually. The gas used as the medium for the sound wave producing devices was compressed air 
which was supplied by three 0.45 m^ (16 cubic foot) cylinders connected in parallel. The cylinders were used to ensure 
sufficient volume was supplied to the sound wave producing devices. During operation, the cylinders were pressured 
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to a desired amount as set forth in Table 1 for each example. The initial pressure and final pressure of the cylinders 
were recorded to monitor the amount of air flow being used during testing. The effective ranking ranged from 1 to 6 
with 1 being the beet rating obtained. In Examples 1 through 14 the sound wave producing device was an infrasonic 
sound wave producing-type. It was mounted to a straight nozzle in the expanded section of the fluidized bed. The 

5 sound pressure wave was generated by passing a controlled amount of compressed air through the tube. Examples 
15 to 16 did not use a sound wave producing device, only a pipe. In Examples 17 through 20 the sound producing 
device was an audible sound wave producing-type. When fines (resin particles) had accumulated in the expanded 
section, the sound wave producing device was activated. The activation time (i.e., the time during which the sound 
wave producing device was producing sound waves) varied from 5 to 15 seconds as set forth in Table 1 . 

10 In Table 1. Examples 1 through 7 demonstrate the effect of the sound wave frequency in the removal of particles 

from the expanded section of the fluidized bed. Visual inspection revealed that the optimum frequency was about 16 
to 17 Hz. (Examples 5 and 7). In Examples 5 and 7 the fines were completely removed from the expanded portion of 
the fluidized bed as visualized by an omnidirectional, turbulent flow that extended from the top of the fluidized bed 
dome extending to the straight sided section of the Plexiglas® fluidized bed itself. 

IS Examples 8 through 10 in Table 1 demonstrate the effect of activation time of the sound producing device on 

particle removal. From these examples, it was noted that even with 5 seconds, the fines build-up was removed from 
the expanded section of the fluidized bed. And, as the activation time was increased, the effectiveness of particle 
removal also increased. However, the build-up in the straight portion of the fluidized bed was not alleviated. 

Examples 11 and 12 in Table 1 were performed to determine the effect of the superficial gas velocity on the effec- 

20 tiveness of the sound wave producing device. From these examples, it appeared that particle removal was unaffected 
by superficial gas velocity. 

In Table 1, cold model examples using an infrasonic sound wave producing device. Examples 13 and 14 were 
performed to demonstrate the effect of gas supply pressure alone on the effectiveness of particle removal. The com- 
pressed gas pressure was tested at 410 kPa gauge (60 psig) and 280 kPa gauge (40 psig) versus the maximum 

25 available (570 kPa gauge - 82 psig). In both instances, some particles were removed from the expanded section, even 
though gas movement was lower than 570 kPa gauge (82 psig). 

Examples 15 and 16, which did not use a sound wave producing device, Illustrated that the sound pressure wave 
was mainly responsible for removal of the fines and not the momentum of the gas alone moving through the tube. In 
these examples, the same volume of air was passed through the same nozzle entering the fluidized bed without em- 

30 ploying resonance. In Example 15, particles were removed only from the opposite side of the fluidized bed and there 
was no visual evidence of gas movement in the expanded section or in the straight sided section of the fluidized bed. 
At 280 kPa gauge (40 psig) (Example 16), particle removal was virtually non-existent. When these examples are com- 
pared to Example 1 4 (280 kPa gauge - 40 psig) using sound resonance, it is evident that sound waves and not moving 
gas removed particles. 

3S When an audible sound wave producing device (horn producing sound pressure waves by means of a vibrating 

plate) was employed (Examples 17 through 20), it was noted that there was a slight movement or swirling of fines and 
the vibration caused the fluidized bed to vibrate which in turn loosened some of the particles. 



TABLE 1 



Example 


SGV m/s (ft/ 
sec) 


Frequency 
(Hz) 


Initial Gas 
Pressure 
(kPa gauge 
psig) 


Final Gas 
Pressure (kPa 
gauge psig) 


Activation 

Time 
(seconds) 


Effectiveness 
Ranking 


1 


0.55(1.8) 


10 


570 (82) 


430 (62) 


15 


5 


2 


0.55 (1.8) 


15 


570 (82) 


430 (62) 


15 


4 


3 


0.55 (1.8) 


20 


570 (82) 


390 (57) 


15 


3 


4 


0.55 (1.8) 


25 


570 (82) 


360 (52) 


15 


6 


5 


0.55 (1.8) 


17 


570 (82) 


430 (62) 


15 


1 


6 


0.55(1.8) 


18 


570 (82) 


430 (62) 


15 


2 


7 


0.55(1.8) 


16 


570 (82) 


430 (62) 


15 


1 


8 


0.55 (1.8) 


16.6 


570 (82) 


>430 (>62) 


5 


3 


9 


0.55(1.8) 


16.6 


570 (82) 


>430 (>62) 


10 


2 


10 


0.55 (1.8) 


16.6 


570 (82) 


430 (62) 


15 


1 



5 
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TABLE 1 (continued) 



Example 


SGV m/s (ft/ 
sec) 


Frequency 
(Hz) 


Initial Gas 
Pressure 
(kPa gauge 
psig) 


Final Gas 
Pressure (kPa 
gauge psig) 


Activation 

Time 
(seconds) 


Effectiveness 
Ranking 


11 


U.4D ( 1 .Oj 


1D.D 




/IQA /ftO\ 


10 


iNO uisiinciion 


Id 


U. /D 


ID.O 


cyri /Q0\ 


A'>f\ /ftO\ 


1 o 


iMO ulsiinciion 


1 Q 

1 O 


U.OO ^ 1 ,o) 


ID.O 


Ain {R(Y\ 




1<; 


1 


14. 




1ft ft 
1 D.D 




1 7n r94^ 


1 


o 


15 




Not AoDiicsbla 


550 ^80^ 

www I WW 1 


410 ^60^ 


15 


** 


16 


0.55 (1.8) 


Not Applicable 


280 (40) 


170 (24) 


15 


++ 


17 


0.55 (1.8) 


230 


550 (80) 


500 (72) 


15 


Not Applicable 


18 


0.55(1.8) 


230 


550 (80) 


500 (72) 


15 


Not Applicable 


19 


0.55(1.8) 


280 


550 (80) 


500 (72) 


15 


Not Applicable 


20 


0.55 (1.8) 


280 


550 (80) 


500 (72) 


15 


Not Applicable 



•* minimal particle removal 



++ no particle removal 



Example 21 

The effect of using a tangentially mounted nozzle attached to the resonance tube was analyzed. Examples 11,12, 
13 and 14 were repeated as closely as the controls allowed except that a tangentially mounted nozzle was used in 
place of a straight nozzle. Multiple combinations of varying superficial gas velocity (SGV) and supply pressure were 
evaluated to attempt to match the tests listed above. Results showed that a sound wave producing device nr>ounted 
tangentially to the particles to be removed improved the effectiveness of removal of particle build-up in the expanded 
section. 



Example 22: Commercial Scale Polymer Grade Change 



A gas phase fluidized bed polyolefin reaction system containing a fluidized bed volume of about 140 (5000 
cubic feet) which contains about 45,000 kg (100,000 pounds) of polymer resin Is used. 

The reactor is operated at a production rate of about 1 1 ,000 kg (25,000 pounds) per hour or about 4 hours residence 
time. The reaction system produces a polyethylene product having a melt index of 2 g/10 min and a density of 0.924 
g/cm^ using a titanium based catalyst and an aluminum alkyl co-catalyst while operating at the following conditions: 



Reactor pressure 


300 psig 


Reactor temperatur 


91 '^C 


Ethylene partial pressur 


760 kPa(IIOpsia) 


1-Hexene to ethylene molar ratio 


0.105 


Hydrogen to ethylene molar ratio 


0186 



so 



55 



In order to transition to a different grade polymer product, having a melt index of 5 g/10 min and a density of 0.934 g/ 
cm^, sonic devices, mounted to tangential nozzles In the reactor expanded section, are activated for about 15 seconds 
approximately every 15 minutes. Once it is evident that the fines are being removed from the expanded section as 
Indicated by the expanded section skin thermocouples, the fluidized bed level is lowered slowly to about 50% of the 
normal operating level, while maintaining a constant production rate. During this period, the sonic devices are activated 
at values of 15 to 20 seconds approximately every 15 minutes. After the bed level reaches the 50% operating level, 
the conditions in the reactor are adjusted as follows to make the different grade polyethylene product having a melt 
index of 5 g/10 min and a density of 0.934 g/cm^: 



Reactor pressure 



2070 kPa gauge (300 psig) 



6 
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(continued) 



Reactor temperature 


96 °C 


Ethylene partial pressure 


1100 kPa (160 psia) 


1-Hexene to ethylene molar ratio 


0.069 


Hydrogen to ethylene molar ratio 


0.290 



Once these conditions are achieved in the reactor, and the product reaches specifications, the bed level Is returned to 
the normal operating level to complete the grade transition. The sonic device makes it possible to do a grade transition 
in about 6 hours as compared to the 12 hours commonly practiced. In addition, the quantity oi lower value, non-spec- 
ification polymer produced during the grade transition is reduced by approximately 50%. 

Example 23: Use of Sound Waves to Improve Product Quality 

Example 22 is substantially repeated, except that the catalyst system employed is chromium based and the fluid- 
ized bed is operated at the normal operating level. The reactor Is operating at the following conditions: 



Reactor pressure 


2400 kPa gauge (350 psig) 


Reactor temperature 


106 °C 


Ethylene partial pressure 


1300 kPa (192 psia) 


1 -Hexene to ethylene molar ratio 


0.0016 


Hydrogen to ethylene molar ratio 


0.17 


Polymer flow Index 


40g/10min 


Polymer density 


0.955 g/cm3 



During operation, accumulation of particles on the expanded section of the reaction system is indicated by the use of 
skin thermocouples. If these particles are allowed to remain on the internal reaction surfaces, they form high molecular 
weight particles which fall from the surfaces. These high molecular weight particles are commonly subsequently re- 
moved with the other resin resulting in poor quality. However, in this example, two sonic devices having a frequency 
of about 16 to 17 Htz installed in the expanded section in a tangential direction are activated, for a period of about 30 
seconds about every 5 minutes. As a consequence, the particles adhering to the surfaces are renrioved preventing 
them from forming gels or poor quality product. The sonic devices are then activated at less frequent intervals, about 
15 seconds every 15 minutes to ensure that particles do not again attach to the interval reactor surfaces. The sonic 
devices, by preventing the formation of high molecular weight particles and subsequent contamination of the fluidized 
bed with polymeric gels, avoids the necessity of reclassifying the polymer product to a lower value, non-specification 
grade. 

Example 24: Use of Sound Waves in Staged Reactors 

Example 22 is substantially repeated, except that the reaction system employed is a multiple (in this case two) 
reactor system as described in U.S. Patent Nos. 5,047,468; 5,126398; and 5.149,738. For staged reactor polymer 
products, the final bi- or multi-modal polyolefin product properties are dependent upon the molecular weight distribution 
which is controlled, in part, by the production rate split. The production rate split is defined as the amount of high 
molecular weight component in the final bimodal resin. Since the first reactor of the multiple reactor system serves as 
the catalyst feed for the next, limited split combinations are achievable (given a non-changeable fluidized bed reactor 
volume) because of catalyst decay and limits on ethylene partial pressure. 

The reactors, referred to in this example as Rx1 for the first reactor in the sequence and Rx2 for the second reactor 
in the sequence are used. Rxl produces a high molecular weight polyethylene resin having a flow index of 0.45 g/10 
min and density of 0.930 g/cm^. Rx2 produces a low molecular weight polyethylene resin having a melt index of 1000 
g/10 min and a density of 0.968 g/cm^. The conditions for the reactors are as follows: 





Rxl Rx2 


Reactor pressure 
Reactor temperature 
Ethylene partial pressure 


2070 gauge (300 psig) 2070 kPa gauge (300 psig) 

85 '^C 110 *»C 

280 kPa (40 psia) 620 Kpa (90 psia) 
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/r>rtntini loH^ 

^LfUI nil llitSUJ 






1 Fbcl 


Rx2 


1 -Hexene to ethylene molar ratio 


1 0.033 


0.010 


Hydrogen to ethylene molar ratio 


0.034 


1.700 



The production rate for the first reactor is about 18,000 kg/h (39,000 Ib/hr) and the second reactor total production rate 
is about 29,000 kg/h (65.000 Ib/hr) resulting in a split of about 0,6 with a final bimodal resin product having a flow index 
of around 8 g/10 min and a density of 0.948 g/cm^. Changing the split to 0.3 while maintaining the same overall pro- 
duction rate to produce a different bimodal product having an overall now index of 144 g/10 min and density of 0,958 
g/cm^ is accomplished by activating a sonic device attached to a standard nozzle in the transition section of the reactor 
for about 30 seconds approximately every 15 minutes. The fluidized bed level in Rxl is lowered from 100% to 50% of 
the normal operating height. The ethylene partial pressures in both reactors are adjusted to achieve the final split of 
0.3. From this example, it can be seen that without lowering the fluidized bed level, the split could not have been 
achieved because the residence time in Rxl would have lowered the catalyst activity of the resin entering Rx2, thus 
the required production rate from Rx2 could not have been achieved. Likewise, lowering the ethylene partial pressure 
in the first reactor and increasing catalyst feed rate is not possible because the ethylene partial pressure drops to an 
uncontrollable low pressure. 

Example 25: Use of Sound Waves for Sticky Polvmers 

A reactor as described in U.S. Patent No. 5,264,506 is started at 50" C using a vanadium catalyst to produce EPDM 
(ethylene-propylene-diene) granular resin. The following conditions are maintained throughout the run: 



Reactor pressure 


1 2070 kPa gauge (300 psig) 


Reactor temperature 


50 


Ethylene partial pressure 


1 620 kPa (90 psia) 


1 -Propylene to ethylene molar ratio 


1 0.8 


Hydrogen to ethylene molar ratio 


0.001 


Ethylidene-norbornene concentration 


60-80 ppm 



Carbon black is added intermittently to the reactor to keep the static activity level under control and to prevent the 
sticky polymer from agglomerating. During polymerization, the amount of carbon black is allowed to build to approxi- 
mately 3 times the customer specification level to minimize polymer build-up in the expanded section. A sonic device 
attached to a nozzle in the expanded section of the reactor above the bed level is subsequently activated for about 30 
seconds about every 5 minutes. The sonic device cleans the EPDM material adhering to the reactor surfaces. The 
amount of carbon black is then reduced to the normal customer specification. The reactor continues to operate at this 
low carbon level. 



Claims 

1. An improved method for polymerizing one or more polyolefins in the presence of a transition metal catalyst in at 
least one gas phase fluidized bed reactor, the improvement comprising generating at least one low frequency, high 
pressure sound wave inside a reactor system, which wave has sufficient frequency and pressure to prevent or 
remove soiki particle build-up on interior surfaces of the reactor system. 

2. A method as claimed In claim 1 wherein the sound wave Is directed tangentially or perpendicular to the surface to 
be cleaned. 

3. A method as claimed in claim 1 or claim 2 wherein the sound wave is 

(a) an infrasonic wave having a frequency in the range of from 5 to 30 Hz and a pressure in the range of from 
90 to 200 dB; or 

(b) a sonic wave having a frequency in the range of from 30 to 1000 Hz and a pressure in the range of from 
90 to 200 dB. 
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4. A method as claimed in any one of the preceding claims wherein 1 to 10 sound wave producing devices are 
introduced into the reactor system in one or more of an expanded section of a reactor, a heat exchanger, a recycle 
line, below a distributor plate, a purge bin, or a bag house. 

5. A method as claimed in any one of the preceding claims wherein the pressure in a reactor of the gas phase fludized 
bed reactor system ranges from 69 to 6900 kPa (10 to 1000 psi) and the temperature ranges from 10*C to 150'C, 
and the superficial gas velocity ranges from 0.3 to 0.9 m/s (1 to 3 feet/second). 

6. A method as claimed in any one of the preceding claims wherein the polyolefin is a linear homopolymer of ethylene 
or a linear copolymer comprised of a major mole percent of ethylene or propylene and a minor mole percent of 
one or more C3 to Cg alpha olefins. 

7. A method as claimed in any one of claims 1 to 6 wherein the polyolefin Is a sticky polymer selected from the group 
consisting of 

(i) ethylene/propylene rubbers; 

(li) ethylene/propylene/diene termonomer rubbers; 

(iii) polybutadiene rubbers; 

(iv) high ethylene content propylene/ethylene block copolymers; 

(v) ethylene/propylene hexadlene terpolymers; 

(vi) ethylene/propylenelethylidene norbornene; and 

(vii) poly(l-butene). 

8. A method as claimed in any one of the preceding claims wherein the catalyst is a transition metal catalyst which 
is a titanium, vanadium, chromium, cobalt, nickel or zirconium catalyst or a and mixture thereof. 

9. A method as claimed in claim 8 wherein one or more catalyst promoter and co-catalyst are employed. 
Patentanspruche 

1. Verbessertes Verfahren zur Polymerisation eines oder mehrerer Polyolefine in Anwesenheit eines Ubergangsme- 
tall-Katalysators in mindestens einem Gasphasen-Flie3bettreaktor, wobei die Verbesserung umfaBt, daB man min- 
destens eine Hochdruck-Schallwelle mit niedriger Frequenz im Inneren eines Reaktorsystems erzeugt, die eine 
ausrelchende Frequenz und einen ausreichenden Druck aufwelst. urn die Ansammlung von festen Tellchen an 
inneren Oberflachen des Reaktorsystems zu verhindern oder zu beseitigen. 

2. Verfahren nach Anspruch 1 , in welchem die Schallwelle tangential oder senkrecht zur zu relnigenden Oberflache 
gerichtet ist. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, in welchem es sich bei der Schallwelle handelt um 

(a) eine Infraschallwelle mIt einer Frequenz im Bereich von 5 bis 30 Hz und einem Druck im Bereich von 90 
bis 200 dB; oder 

(b) eine Schallwelle mit einer Frequenz im Bereich von 30 bis 1000 Hz und einem Druck im Bereich von 90 
bis 200 dB. 

4. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem 1 bis 10 Schallwellen erzeugende VDr- 
richtungen in das Reaktorsystem eingefuhrt werden, und zwar in einem oder mehreren von einem ausgedehnten 
Abschnitt eines Reaktors, einem Warmetauscher, einer Recyclisierungslettung, unter einer Verteilerplatte. einem 
SpOlbehalter oder einem Sackgehause. 

5. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem der Druck in einem Reaktor des Gas- 
phasen-FlieBbettreaktorsystems im Bereich von 69 bis 6900 kPa (10 bis 1000 psi) liegt und die Temperatur im 
Bereich von 10*C bis 150*C liegt und die Oberflachen-Gasgeschwindigkelt im Bereich von 0,3 bis 0,9 m/s (1 bis 
3 FuB/Sekunde) liegt. 

6. Verfahren nach irgendeinem der vorangehenden Anspruche, in welchem das Polyolefin ein lineares Homopolymer 
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von Ethylen Oder ein lineares Copolymer, das einen groBeren Molprozentsatz Elhylen oder Propylen und einen 
kleineren Molprozentsatz eines oder mehrerer C3- bis Cs-alpha-Olefine umfaBt, ist. 

7. Verfahren nach irgendeinem der Anspruche 1 bis 6. In welchenr) das Polyolefin ein klebrlges Polymer ist, das aus 
der Gruppe ausgewahit Ist, die besteht aus 

(I) Ethylen/Propylen-Kautschuken; 

(II) Ethylen/Propylen/Dien-Termonomer-Kautschuken; 
(iil) Polybutadien-Kautschuken; 

(Iv) Propylen/Ethylen-Blockcopolymeren mil hohem Ethylen-Gehalt; 

(v) Ethylen/Propylen/Hexadien-Terpolymeren; 

(vi) EthylenyPropylen/Etliylidennorbornen; und 
(vli) Poly(l-buten). 

8. Verfahren nach irgendeinem der vorangehenden AnsprOche, in welchem der Katalysator ein Qbergangsmetall- 
Katalysator ist. bei dem es sich urn einen Titan-, Vanadium-, Chrom-, Kobalt-, Nickel- oder Zirkonlum-Katalysator 
Oder eine Mischung davon handelt. 

9. Verfahren nach Anspruch 8, in welchem einer oder mehrere Katalysator-PronfK)toren und Cokatalysatoren einge- 
setzt werden. 



Revendications 

1. Proc6d6 perfectlonn6 de polymerisation d'une ou plusleurs polyoleflnes en presence d'un catalyseur ^ base de 
metal de transition dans au moins un reacteur a lit fluldise en phase gazeuse, le perfectionnement consistant k 
g6n6rerau molns une onde sonore de basse frequence k haute presslon ci I'int^rieur d'un systdme de r§acteurs, 
cette onde ayant une frequence et une press ion sufflsantes pour empecher ou supprimer I'accumulation de par- 
ticules solides sur des surfaces interieures du systeme de r^acteurs. 

2. Procede suivant la revendication 1 , dans lequel I'onde sonore est dirigee tangentlellemenl ou perpendiculairement 
a la surface k nettoyer 

3. Proc6d§ suivant la revendication 1 ou la revendication 2, dans lequel I'onde sonore est 

(a) une onde inf rasonore ayant une frequence comprise dans la plage de 5 ^ 30 Hz et une pression acoustique 

comprise dans la plage de 90 k 200 dB ; ou 

(b) une onde sonore ayant une frequence comprise dans la plage de 30 ^ 1 000 Hz et une presslon acoustique 
comprise dans la plage de 90 a 200 dB. 

4. Proc6d6 suivant I'une quelconque des revendications pr6c§dentes, dans lequel 1^10 dispositifs produisant des 
ondes sonores sont introdults dans le systeme de reacteurs en un ou plusieurs sites choisis entre une partie elargie 
d'un reacteur, un echangeur de chaleur, un conduit de recyclage, un point situ6 au-dessous d'un plateau de dis- 
tribution, un puits de vidange ou un logement de sacs. 

5. Proc6d6 suivant I'une quelconque des revendications pr6c6dentes, dans lequel la pression dans un reacteur du 
systeme de reacteurs a lit fluldise en phase gazeuse va de 69 k 6900 kPa (10 ^ 1000 Ib/in2) et la temperature va 
de lO^'C k ISO^'C, et la Vitesse superficielle du gaz va de 0,3 k 0,4 m/s (1 ^ 3 ft/s). 

6. Proc6d§ suivant I'une quelconque des revendications prdcedentes, dans lequel la polyol§fine est un homopoly- 
mere Iin6aire d'ethylene ou un copolymere lineaire constitu6 d'un pourcentage molaire principal d'^thyl^neou de 
propylene et d'un pourcentage molaire secondaire d'une ou plusieurs aIpha-ol6fines en C3 k Oq. 

7. Proc6d6 suivant I'une quelconque des revendications 1 k 6, dans lequel la polyol6fine est un polym6re collant 
choisi dans le groupe consistant en 

(i) caoutchoucs 6thyl6ne/propylfene ; 

(ii) caoutchoucs terpolym^res d'6thyl6ne/propyl6ne/di6ne ; 
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(iii) caoutchoucs polybutadieniques ; 

(fv) copolymdres sequences propylene/ethylene a haute teneur en ethylene ; 
(V) terpolymdres 6thyl6ne/propyl6ne/hexadj6ne ; 
(vi) ethylidene/propyl6ne/ethylidene-norbornene ; at 
5 (vii) poly{1-but6ne). 

8. Precede suivant I'une quelconque des revendications precedentes, dans lequel le catalyseur est un catalyseur a 
base de m^tal de transition qui est un catalyseur au titane, au vanadium, au chrome, au cobalt, au nickel ou au 
zirconium ou un melange de tels catalyseurs. 

w 

9. Proc^d^ suivant la revendlcation 8, dans lequel on utilise un ou plusieurs activateurs de catalyseur et cocataly- 

seurs. 
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